The biologic agent ustekinumab is a human monoclonal antibody that binds to the p40 subunit shared by interleukins (ILs) 12 and 23. The antibody is able to prevent binding of cytokines to the IL-12Rβ1 cell surface receptor and therefore may prevent IL-23 driven activation of the IL-23/ Th 17 axis of inflammation. The anti-inflammatory activity has been beneficial in adult psoriasis. Ustekinumab has been approved in the United States for the treatment of adults with psoriasis and psoriatic arthritis. Approval in children and adolescents has not been granted by the US Food and Drug Administration. Subcutaneous injections of ustekinumab are administered at baseline, week 4 and every 12 weeks thereafter, a regimen that is particularly appealing to young patients who do not like more frequent injections at home. The product is attractive because, although it works through an immune system mechanism, the selective activity is such that the drug has not been associated with many of the side effects attributed to other immunosuppressive medications. Case reports of ustekinumab for pediatric psoriasis have shown promising results, and the recent Phase III CADMUS trial tested the agent in adolescents aged 12-17 years with psoriasis, using standard dose 0.75 mg/kg (60 kg), 45 mg (.60-100 kg), and 90 mg (.100 kg) or half-standard dosing 0.375 mg/kg (60 kg), 22.5 mg (.60-100 kg), and 45 mg (.100 kg) with a loading dosage at week 0 and week 4. Psoriasis area and severity index-75 was achieved in more than three-quarters of patients in full and half dosing by 12 weeks, and psoriasis area and severity index-90 in 54.1% and 61.1% of half and full dosage by 12 weeks, respectively. Ustekinumab was generally well tolerated in adolescents, with some patients developing antibodies, and nasopharyngitis being the major adverse event. Ustekinumab is a promising agent in adolescent psoriasis that appears to be well tolerated. The best monitoring plan and usage in younger patients still remain to be defined.
Introduction
Biologic agents are being used more frequently for the treatment of chronic childhood diseases. They require less-frequent monitoring and offer a more convenient dosing schedule -two considerations that become even more important when dealing with a pediatric population. In addition, since these agents target specific features of the inflammatory pathways, they are likely not as toxic as other systemic agents, which is important for the management of chronic diseases.
1,2 Here we will review the efficacy and safety of ustekinumab for chronic childhood diseases with a focus on pediatric psoriasis, for which we have the most data. We will incorporate data from clinical trials in adult patients and the usage of ustekinumab for other chronic childhood diseases.
The most commonly affected areas in children are the extensor surfaces of the knees and elbows, scalp, face, trunk, and posterior auricular regions. 5 A diaper rash is the most common presentation in infants and toddlers below the age of 2. 5 There are several aspects of psoriasis that, although not unique to the pediatric population, are of special concern. Psoriasis can be very disfiguring, especially because the affected areas are often exposed, causing children to suffer from significant psychological and emotional distress. Those who suffer from psoriatic arthritis can also experience debilitating disease that impairs daily activities. It is imperative to quickly gain control of flare-ups and establish a reliable maintenance regimen. This requires that patients have regular contact with their dermatologist/pediatric dermatologist, which can pose both financial and logistical challenges for many families. Several of the treatment options for severe disease require frequent doctor visits, resulting in missed school days and parents needing to take time off from work.
Psoriasis: pathogenesis
The cause of psoriasis is multifactorial. Histological examination of psoriatic cells points to the involvement of both the innate and adaptive immune systems. 9 The dermis and epidermis exhibit an inflammatory infiltrate of T-lymphocytes, macrophages, neutrophils, and mast cells. 9 The end result is epidermal acanthosis, hyperkeratosis, parakeratosis, as well as exaggeration of the rete ridges. 9 Two of the key mediators involved in the excessive proliferation of the epidermis appear to be T-helper (Th)1 cells and T-cells that express interleukin-17 (IL-17), so called Th17 cells. 10 Th1 cells release cytokines such as interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), IL-2, and IL-12. 10 Dendritic cells and macrophages produce IL-23, which activates Th17 cells. 10 Th17 cells produce IL-17, which leads to the production of other inflammatory cytokines by endothelial cells and macrophages, and the production of interleukins by keratinocytes. 10 It is thought that IFN-γ from the Th1 cells stimulates macrophages to release IL-23, which acts in combination with IL-1 to support the population of T-cells that express IL-17 and IL-22. 10, 11 There is substantial evidence that psoriasis also has a genetic component. The strongest link to date is the region psoriasis susceptibility 1 on chromosome 6p21, located within the major histocompatibility complex, a region that contains various genes involved in the immune response. 11 Genome-wide association studies have analyzed this region and identified associations with various genes including human leukocyte antigen (HLA-C), three genes involved in IL-23 signaling (IL-23A, IL-23R, and IL-12B), two genes involved in TNF-α signaling (TNF-α-induced protein 3: TNAIP3 and TNFAIP3 interacting protein 1: TNIP1), and two genes involved in the Th2 pathway (IL-4 and IL-13). 11, 12 Lastly, twin studies also show higher concordance in monozygotic twins compared to dizygotic twins. 13 Various environmental triggers have been associated with psoriasis, including streptococcal infections (particularly for the guttate form of psoriasis), stress, HIV infection, humidity, drugs, trauma, smoking, and obesity.
14 Obesity (as manifested with high body mass index [BMI] and waist circumference) in particular deserves special mention in association with pediatric psoriasis. Children, like adults with psoriasis, appear to be at an increased risk of developing obesity and other components of the metabolic syndrome. 15 In addition, several large studies have shown an association between increasing BMI and the severity of psoriasis. 16 Paller et al 17 studied 409 children with psoriasis and found that the odds ratio of obesity (defined by BMI $95%) was 4.29 for children with psoriasis compared with controls. The odds ratio for having a waist circumference above the 90th percentile was 2.52 for children with psoriasis compared with controls. 17 The association between obesity and inflammation is well established. Adipose tissue is very active in secreting adipocytederived cytokines and other inflammatory mediators. 15, 16 For example, leptin promotes production of TNF-α and IL-6, favors Th1 cell differentiation, and stimulates proliferation of keratinocytes. 18 Furthermore, there is increasing evidence that 
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Efficacy and safety of ustekinumab in adolescents psoriasis is associated with a state of systemic inflammation that is, unfortunately, not limited to the skin. 15 Such a state might contribute to insulin resistance and endothelial cell dysfunction, which in the long term could contribute to atherosclerosis.
15
Psoriasis: the role of biologic agents Kim et al 19 compared the efficacies of commonly used biologics in adult patients -infliximab, ustekinumab, adalimumab, etanercept, and alefacept -and found psoriasis area and severity index (PASI)-75 to be 78.6%, 72.1%, 70.5%, 48.1%, and 21%, respectively after 12 weeks. Fortunately, most children with psoriasis have mild disease that can be managed with topical therapies. However, those with moderate-to-severe disease may require systemic treatments, of which none are approved by the US Food and Drug Administration (FDA) for use in pediatric psoriatic patients. Thus far, the biologic agents that have been used to treat pediatric psoriasis include the TNF-α antagonists infliximab, etanercept, and adalimumab and the IL-12/ IL-23 antagonist ustekinumab. 2 Three of these agentsetanercept, adalimumab, and more recently ustekinumabhave been studied in randomized controlled trials with adolescent patients. [20] [21] [22] Two biologic agents, etanercept and adalimumab, have been approved for the therapy of pediatric psoriasis in the European Union.
The role of TNF blockers in other chronic childhood diseases
Crohn's disease, characterized by chronic inflammation of the gastrointestinal tract, not only impairs quality of life but also causes growth failure in many children. 23 In the "bottom-up" treatment approach, children are started on "conventional therapies" such as 5-aminosalicylates, corticosteroids, and immunomodulators; infliximab and adalimumab are reserved for those with recalcitrant disease. 23 There is debate in the literature about adopting a "top-down" approach in which the anti-TNF agents would be introduced sooner after diagnosis to prevent disease progression. 23 Although the anti-TNF agents have had remarkable success, not every patient has a robust response, which calls into question the possible use of other biologic agents. [23] [24] [25] Juvenile idiopathic arthritis (JIA) is the most common rheumatologic disease in children and often persists into adulthood. 26 Treatment options include nonsteroidal antiinflammatory drugs in combination with long-acting drugs such as sulfasalazine, methotrexate, and corticosteroids. 26 Patients who do not show adequate response within 3-6 months are considered for the biological agents. 26 The following biologics are approved by the FDA to treat JIA: TNF antagonists (etanercept and adalimumab), IL-1 antagonists (anakinra, canakinumab, and rilonacept), and the IL-6 antagonists (tocilizumab, abatacept, and rituximab). 26 Anterior uveitis occurs in 10%-20% of patients with JIA and can be managed with topical and oral steroids, immunosuppressive drugs such as methotrexate, and antimetabolites. 27 Despite the fact that no biologics are approved for the treatment of JIA-associated uveitis, the TNF antagonists have been employed to treat patients with refractory disease. 27 Behçet's disease (BD) is characterized by systemic inflammation and vasculitis, with a variable presentation and clinical course that can present in childhood. 28 Because the etiology is unknown, therapeutic treatments have been guided by basic science research trying to divulge the pathogenesis of this disease. 29 Similar to other inflammatory diseases, BD is thought to involve inflammatory mediators such as TNF-α, IL-1β, and IL-6. 29 Genome wide association studies suggest an association between pediatric-onset BD and HLA-B51, and possibly also IL-17 and IL-23. 30 As with Crohn's disease, anti-TNF agents are effective, but not every patient shows an adequate response. 29 The use of other biologic agents has been studied for this disease, including ustekinumab, though only in adult patients. 
Ustekinumab: indications and dosing recommendations
The FDA approved ustekinumab in 2009 for the treatment of moderate-to-severe plaque psoriasis in adults .18 years of age who are candidates for phototherapy or systemic therapy, and for psoriatic arthritis either as monotherapy or in combination with methotrexate. 31 There is currently no approval for the use of ustekinumab in pediatric patients for any conditions in the United States or European Union. For psoriasis in adults, ustekinumab is administered as a subcutaneous injection at weeks 0, 4, and subsequently every 12 weeks with either 45 or 90 mg dosages based on weight  or .100 kg, respectively. 31 For the treatment of psoriatic arthritis in adults, the 45 mg dosage is used, with the same dosing frequency, unless the adult patient has coexisting moderate-to-severe plaque psoriasis. 
Ustekinumab: pretreatment screening and monitoring
Suggested screening before the use of ustekinumab in pediatric patients includes tuberculosis (TB) testing with either a purified protein derivative test or Quantiferon Gold, followed by annual TB testing and periodic full body skin examinations. 2 Complete blood count and liver function testing is ideally screened and documented normal prior to drug initiation and can be repeated periodically thereafter to identify 35 IL-23 contains a p40 subunit that it shares with IL-12, as well as a unique p19 subunit. 36 Ustekinumab is a human monoclonal antibody that binds to the p40 protein subunit shared by these two cytokines. 31 Preclinical testing showed that ustekinumab interfered with the ability of these cytokines to bind their common cell surface receptor IL-12Rβ1.
31

Ustekinumab: pharmacodynamics
Skin biopsies taken before and up to 2 weeks after treatment with ustekinumab in adult patients with psoriasis showed decreased expression levels of messenger RNA of both IL-12 and IL-23.
31
Ustekinumab: pharmacokinetics
In patients with psoriasis, it takes 13.5 and 7 days, respectively, for the drug to reach maximum concentration in the serum after one injection of the 45 or 90 mg dosage. 31 Steady-state concentrations are achieved by week 28. 31 There were no changes in clearance or distribution noted when the drug was studied in patients older than 65 years of age. 31 In addition, pharmacokinetic properties did not seem to be affected by simultaneous use of methotrexate, nonsteroidal anti-inflammatory drugs, oral corticosteroids, or prior use of anti-TNF-α agents in patients with psoriatic arthritis.
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Ustekinumab: efficacy Psoriasis Table 1 summarizes the current literature on the use of ustekinumab for psoriasis in adults and children. There is extensive data on the use of ustekinumab for the treatment of plaque psoriasis in adults.
Adult trials
Two multicenter, randomized, double-blind, placebocontrolled studies (PHOENIX 1 and PHOENIX 2) together enlisted 1,996 patients $18 years of age with plaque psoriasis, PASI $12, body surface area (BSA) $10%, and who were candidates for phototherapy or systemic therapy. Patients received either placebo or the 45 or 90 mg dosage at weeks 0, 4, and 12.
37 By week 12 of PHOENIX 1, a higher percentage of patients on ustekinumab (66.4% on the 90 mg dosage and 67.1% on the 45 mg dosage) achieved PASI-75 compared to placebo (3.1%). 37, 38 At week 28, PASI-75 was maintained by 71.2% and 78.6% of patients on the 45 and 90 mg doses, respectively. 37 By week 12 of PHOENIX 2, a higher percentage of patients on ustekinumab (75.7% on the 90 mg dosage and 66.7% on the 45 mg dosage) had achieved PASI-75 compared to placebo (3.7%). 38 At week 28, PASI-75 was maintained by 69.5% and 78.5% of patients on the 45 and 90 mg doses, respectively.
38
Extensive follow-up studies were conducted on the original patients enrolled in PHOENIX 1 and 2 to examine long-term efficacy as well as adverse effects (AEs). By week 244, follow-up data of PHOENIX 1 demonstrated PASI-75 of 63.4% and 72.0%, PASI-90 of 39.7% and 49.0%, and PASI-100 of 21.6% and 26.4% for patients receiving either the 45 or 90 mg doses, respectively. 39 The follow-up studies on PHOENIX 2 confirmed the long-lasting efficacy of ustekinumab: 76.5% and 78.6% of patients with PASI-75, 50.0% and 55.5% with PASI-90 based on continuing the 45 or 90 mg dosage, respectively. 40 Reich et al 41 analyzed the TRANSIT study, a 52-week, multicenter, open-label, parallel-group, Phase IV randomized clinical trial that enlisted adults with moderate-to-severe psoriasis $6 months and PASI $10, who were inadequately controlled on methotrexate 10-25 mg weekly for at least 8 consecutive weeks. Patients were administered ustekinumab 45 or 90 mg based on weight 100 or .100 kg, and methotrexate was either discontinued immediately (arm 1) or gradually (arm 2). 41 By week 12, the mean PASI score had decreased from a baseline of 15.2 (arm 1) and 15.4 (arm 2) to 2.9 (arm 1) and 2.8 (arm 2), respectively. 42 PASI-75 was achieved by 58% of patients in arm 1 and 62% of patients in arm 2, and physician global assessment (PGA) 0/1 was achieved by 65% of patients in arm 1 and 69% of patients in arm 2. 42 By week 52, 83% of patients had PASI 5 and 70%-78% achieved PASI-75 on the 90 and 45 mg doses, respectively. 41 The ACCEPT trial enrolled 903 adult patients with moderate-to-severe plaque psoriasis to receive either 45 or 90 mg subcutaneous ustekinumab at weeks 0 and 4, or 50 mg etanercept twice a week for 12 weeks. 43 At week 12, PASI-75 was achieved by 67.5% of patients receiving ustekinumab 45 mg and 73.8% of patients receiving ustekinumab 90 mg, compared to 56.8% of patients receiving etanercept (P,0.05 for both comparisons). 43 At week 12, PASI-90 was achieved by more patients receiving ustekinumab 45 or 90 mg (36.4% and 44.7%, respectively) compared to those receiving etanercept (23.1%), (P,0.05 for both comparisons). 43 In addition, a higher number of patents on ustekinumab 45 mg (65.1%) and ustekinumab 90 mg (70.6%) had PGA 0/1 compared to those on etanercept (49.0%), (P,0.001 for both comparisons). 43 
Adolescent trials
Until recently, clinical data on the use of ustekinumab for pediatric psoriasis was sparse; there were only five cases of usage reported in the literature. [44] [45] [46] Three patients with plaque psoriasis were on a mean dose of 45 mg, with one patient attaining complete clearance. The other two achieved S-MAPA of 50%: the Simple-Measure for Assessing Psoriasis Activity (S-MAPA) correlates with PASI. 46 ,47 A 16-yearold male with severe plaque psoriasis on the 90 mg dose achieved clearance at week 8, which was maintained after 18 months. 45 A 14-year-old male with widespread plaque psoriasis who had failed etanercept therapy achieved PASI-90 by week 16 and clearance by 1 year on the 45 mg dose administered with standard regimen. 44 A recently completed multicenter Phase III randomized, double-blind, placebo-controlled trial (CADMUS) evaluated the safety and efficacy of ustekinumab in adolescents. 21 The trial enrolled 110 patients 12-17 years of age with moderate-to-severe plaque psoriasis $6 months, with PGA $3, BSA $10% and PASI $12, and who were either inadequately controlled on topical therapy or candidates for phototherapy or systemic therapy. They were administered ustekinumab at weeks 0, 4, and subsequently every 12 weeks until 40 weeks. Patients received either standard dose (SD) 0.75 mg/kg (60 kg), 45 mg (.60-100 kg), and 90 mg (.100 kg), or half-standard dosing (HSD) 21 Although objective outcomes such as PASI, PGA, and BSA are important when it comes to determining efficacy, we must also pay attention to patient-reported outcomes. The CADMUS trial tracked improvements in health-related quality of life (HRQoL) using the Children's Dermatology Life Quality Index (CDLQI). 48 At baseline, the mean CDLQI was 9.1 in the placebo group, 9.4 in the HSD group, and 10.3 in the SD group, with an overall mean of 9.6 indicating moderate-to-severe disease. At week 12, the mean reductions in severity from baseline were significantly greater in the group receiving HSD (−5.6) and SD (−6.7) compared to those receiving placebo (−1.5, P=0.03 and P,0.001, respectively). This response was still maintained by week 52, in which the mean changes were −4.9 in the HSD group and −7.6 in the SD group.
The role of ustekinumab in other chronic childhood diseases
A randomized controlled trial highlighted the benefits of intravenous ustekinumab in adult patients with moderateto-severe Crohn's disease refractory to TNF antagonists. 49 However, Rinawi et al 50 has thus far described the first and only successful use of ustekinumab for pediatric Crohn's disease in a 7-year-old male who failed both adalimumab and infliximab. He received three subcutaneous doses of 22.5 mg ustekinumab (1.3 mg/kg) at weeks 0, 4, and 12.
50
Within 8 weeks of treatment, his diarrhea and arthritis both resolved, and his Pediatric Crohn's Disease Activity Index decreased to zero. 50 One year later, he remained in remission on azathioprine, showed improvements in height and weight, and had normalization of his erythrocyte sedimentation rate and C-reactive protein. 50 No AEs were reported. To date, there is no report of the use of ustekinumab for pediatric JIA, uveitis, or BD. Of note, there is one case report of the successful use of ustekinumab for the treatment of BD in a 39-year-old woman with concurrent psoriasis and hidradenitis suppurativa. 51 After a flare-up of psoriasis, she was prescribed 45 mg of subcutaneous ustekinumab at weeks 0, 4, and 12, and achieved PASI-50 in 4 weeks and PASI-75 by 3 months. 51 During this time, her symptoms of hidradenitis suppurativa and BD both resolved and she remained in remission for at least 3 years. 51 As stated earlier, with the possible association of IL-17 and IL-23 with pediatric-onset BD, it is possible that ustekinumab, and other biologic agents, may in the future play a role in the treatment of this poorly characterized disease.
Ustekinumab: safety
Through week 12 of the PHOENIX 1 trial in adults with psoriasis, the most common AEs from ustekinumab were nasopharyngitis (8.2%-10.2%), upper respiratory tract infection (6.3%-7.1%), and headache (5.1%-5.5%). 37 Serious AEs (SAEs) occurred in two patients on the 45 mg dose, four patients on the 90 mg dose, and two patients in the placebo group. 37 There were three serious infections, one cardiovascular event, and no cutaneous or noncutaneous cancers. 37 By week 76, 5.1% of patients had developed antibodies to ustekinumab. 37 Through week 12 of PHOENIX 2, the most common AEs from ustekinumab in adults with psoriasis were nasopharyngitis (6.8%-7.3%), headache (4.6%), and upper respiratory tract infection (2.9%-4.4%). 38 SAEs occurred in eight patients in the 45 mg dose group, five patients in the 90 mg dose group, and eight patients in the placebo group. 38 There were three serious infections, two cutaneous cancers, one noncutaneous cancer, and one cardiovascular event.
38 By week 52, 5.4% of patients had antibodies to ustekinumab. 38 Although the clinical trials highlighted the efficacy of ustekinumab, one of the major concerns was the long-term safety, especially with regards to malignancies. Here, we will briefly review the 1-to 5-year follow-up data in adults with psoriasis treated with ustekinumab.
Pooled safety data from Phase II and III clinical trials showed that during the placebo-controlled periods (12-20 weeks), there were comparable rates of AEs between patients on the 45 mg dose (57.6%), 90 mg dose (51.6%), and placebo (50.4%). 52 The rates of overall infections and malignancies were also similar between patients on the 45 mg dose, 90 mg dose, and placebo. 53 There were no reports of TB or demyelinating conditions. 52, 53 Apart from nonmelanoma skin cancers, the rates of malignancies were similar to those observed in the general US population. 53 Importantly, by the third year, 
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Efficacy and safety of ustekinumab in adolescents the rates of overall infections, AE, SAE, and malignancies remained stable over time. 52, 53 Five-year follow-up studies in adult patients with psoriasis enrolled in the PHOENIX 1 and 2 trials individually demo nstrated favorable safety profiles. In the PHOENIX 1 study, the data revealed comparable rates of AEs, SAEs, infections, malignancies, and major adverse cardiovascular events among those in the 45 and 90 mg dose groups. 39 There was one case of disseminated cutaneous herpes zoster but no reports of active TB, atypical mycobacterial, systemic fungal or salmonella infections, anaphylaxis, or serum-sickness-like reactions. 39 Only 5.2% of patients developed antibodies and none reported injection-site reactions. 39 Safety monitoring of PHOENIX 2 until week 264 showed that cumulative rates of AEs and SAEs were similar among patients in the 45 mg dose group, 90 mg dose group, and the general population. 40 Importantly, there was no increase in the rates of SAEs, serious infections, nonmelanoma skin cancers, other malignancies, or major adverse cardiovascular events. 40 The most common serious infections were diverticulitis (seven cases), cellulitis (five cases), and cholecystitis (three cases), with no reports of active TB, atypical mycobacterial, systemic fungal or salmonella infections, anaphylaxis, or serum-sickness-like reactions. 40 Pooled safety data from PHOENIX 1 and 2, as well as their 5-year follow-up studies, demonstrated that the rates of overall mortality and malignancies (excluding nonmelanoma skin cancers) were found to be comparable to those in the general US population. 54 The event rates for overall AEs, SAEs, serious infections, nonmelanoma skin cancers, other malignancies, and major adverse cardiovascular events were comparable between patients on the 45 and 90 mg doses. 54 The rates of AEs were found to be comparable to other biologics used to treat psoriasis, and the study did not show evidence of cumulative toxicity up to 5 years. 54 Safety data from the TRANSIT trial was analyzed through week 52. 41 The rates of AEs were comparable between patients on the 45 and 90 mg doses and only led to cessation of ustekinumab in 0.4% of these patients. 41 There were four serious infections, two of which required cessation of ustekinumab (pneumonia and acute hepatitis B), and four malignancies (keratoacanthoma, cervical carcinoma in situ, breast cancer in situ, and metastatic prostate cancer). 41 There were three major adverse cardiovascular events: one cerebrovascular accident, one myocardial infarction, and one death from cardiorespiratory arrest. 41 The overall rates of serious infections, malignancies, and major adverse cardiovascular events were 0.85, 0.85, and 0.64, respectively, per 100 patient-years of treatment. 41 During the first 12 weeks of the ACCEPT trial comparing ustekinumab with etanercept for adult psoriasis patients, 66.0% of patients on ustekinumab and 70.0% of patients on etanercept reported at least one AE. 43 In this time period, the most common adverse events were nasopharyngitis (8.6% of those on etanercept, 10.0% of those on 45 mg ustekinumab, and 9.8% of those on 90 mg ustekinumab), upper respiratory tract infection (5.8%, 6.2%, and 6.3%, respectively), headache (11.0%, 14.8%, and 12.1%, respectively), back pain (2.0%, 6.7%, and 4.3%, respectively), and injection-site reaction (24.8%, 4.3%, and 3.7%, respectively). 43 The rate of infections as well as proportions of patients who stopped treatment due to adverse events were similar between the three treatment arms. 43 Two patients receiving 45 mg ustekinumab and one patient receiving 90 mg ustekinumab were found to have nonmelanoma skin cancers. 43 Safety data was also reported through week 64 of the ACCEPT trial. 43 Patients on 45 and 90 mg doses of ustekinumab had similar rates and types of common adverse events, with the exception of injection-site reactions. 43 One patient in each treatment arm died (motor vehicle accident, gunshot wound, and multisystem organ failure and sepsis, the latter in a patient who received 90 mg ustekinumab). 43 Serious infections occurred in four patients who received etanercept, two patients who received 45 mg ustekinumab, and ten patients who received 90 mg ustekinumab (P=0.23 when comparing the low-and high-dose ustekinumab groups). 43 There were nine reports of nonmelanoma skin cancers, and five patients who received ustekinumab had other malignant conditions. 43 Three patients experienced major adverse cardiovascular events (one patient in the 45 mg ustekinumab group, one patient in the 90 mg ustekinumab group, and one patient who had crossed over to ustekinumab after etanercept). 43 Although 3.8% of patients developed antibodies to ustekinumab, it was not associated with injection-site reactions. 43 With regard to the use of ustekinumab in children, we have the pooled data of the five case reports and the CADMUS trial. Among the five previously described case reports, there was one report of elevated liver function tests and one report of intolerance necessitating treatment cessation. The addition of the CADMUS trial greatly expanded available safety data in adolescents; patients were monitored for adverse events though week 60. 21 By week 12, the percentage of patients who had reported more than one AE was 44.4% in the SD, 51.4% in the HSD, and 56.8% in the placebo groupsno dose effect was noted. 21 The most common AEs were nasopharyngitis (2.8% in SD, 13.5% in HSD, and 27% in placebo) and headache (8.3% SD, 10.8% HSD, and 5.4% submit your manuscript | www.dovepress.com
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Kellen et al placebo). 21 One SAE (worsening of psoriasis) was reported in the HSD group. 21 By week 40, after the placebo group had crossed over and received ustekinumab, the most common side effects were nasopharyngitis (34.5%), upper respiratory tract infections (12.7%), and pharyngitis (8.2%). 21 By week 60, an additional five SAEs were also reported -one transient incident of leukopenia, pyelonephritis, ear infection, allergic contact dermatitis from hair dye, and one death from a motor vehicle accident, as well as one injection-site reaction. 21 Although nine patients had developed antibodies to the drug -six in the HSD group and three in the SD groupsix reached PGA 0/1 and only one reported an injectionsite reaction, which was mild. 21 Importantly, through week 60, there were no reports of malignancies, opportunistic infections, active TB, anaphylaxis, or serum-sickness-like reaction. 21 The long-term safety of ustekinumab is also supported by data from PSOLAR -the Psoriasis Longitudinal Assessment and Registry that prospectively follows patients with plaque psoriasis being treated with biologic agents including ustekinumab. 55 In 2014, Papp et al 55 analyzed data accumulated from 12,093 patients: the unadjusted rates of serious infection were lower for ustekinumab (0.93 per 100 patient-years) as compared with infliximab (2.91 per 100 patient-years) and other biologic agents (1.91 per 100 patient-years). 55 Importantly, no increased risk of malignancies, mortality, serious infections, or major adverse cardiovascular events were observed with the use of ustekinumab. 55 Additional safety data accumulated from PSOLAR indicates a lower rate of serious infections with ustekinumab (0.83 per 100 patientyears) compared to etanercept (1.47 per 100 patient-years), adalimumab (1.97 per 100 patient-years), and infliximab (2.49 per 100 patient-years).
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Discussion
The biologic agents have revolutionized the treatment of several chronic childhood diseases including psoriasis, Crohn's disease, JIA, and JIA-associated uveitis.
2 Before these drugs were available, children were placed on long-term immunosuppressive agents, often without adequate disease management. The use of biologic agents can have a remarkable impact on quality of life, which is especially important for pediatric diseases that cause significant psychological and emotional distress. The major advantage of ustekinumab is the dosing schedule: after two initial loading doses, children only require four doses a year. Ustekinumab also spares children the toxic systemic effects of many other immunosuppressants. This makes it an ideal candidate for chronic childhood disorders that often entail life-long therapy.
Thus far, etanercept and adalimumab have been approved by the EU for the treatment of pediatric psoriasis; we will briefly review the efficacy and safety data from their use in pediatric patients. 20, 57 In 2008, the results of a 48-week randomized, doubleblind trial evaluating etanercept for pediatric psoriasis were published. 20 The trial enrolled 211 patients aged 4-17 years with moderate-to-severe plaque psoriasis and PASI $12. Dosing was 0.8 mg/kg with a maximum dose of 50 mg. At week 12, a higher percentage of patients on etanercept achieved PASI-75 (57%) and PASI-90 (27%) compared to those on placebo (11% and 7%, respectively) (P,0.001). A significant difference was noted even by week 4. A higher percentage of patients on etanercept also achieved PGA 0/1 (53%) compared to those on placebo (13%). At weeks 24 and 36, 57% and 53% of the patients who had initially received etanercept had PGA of 0/1, compared to 13% and 53%, respectively, of the original placebo group. The mean percentage improvement in PASI relative to baseline PASI was greater in patients receiving etanercept (22%) compared to those receiving placebo (5%) (P,0.001). By weeks 24 and 36, the mean percentage PASI improvement was 77% and 77%, respectively, in the group receiving etanercept compared to 71% and 76%, respectively, in the group receiving placebo. No SAEs occurred during the initial placebocontrolled phase. All subsequent serious noninfectious and infectious AEs resolved. Importantly, no deaths, cancers, opportunistic infections, TB, or demyelination events were reported from this trial.
In June 2015, the results of a four-part, Phase III study comparing adalimumab and methotrexate for pediatric patients with plaque psoriasis were reported. 22, 58 The trial included 114 children and adolescents $4 and ,18 years of age with severe chronic plaque psoriasis who had either failed or were inappropriate candidates for topical therapy and phototherapy. Subjects received either 0.4 or 0.8 mg/kg subcutaneous adalimumab, or 0.1-0.4 mg/kg methotrexate, every other week. 22 At 16 weeks, a significantly higher proportion of patients treated with adalimumab 0.8 mg/kg achieved PASI-75 (57.9%) compared to those who received methotrexate (32.4%). 22 A higher number of patients treated with adalimumab 0.8 mg/kg achieved PGA 0/1 (60.5%) compared to those who received methotrexate (40.5%), although this number was not statistically significant. 
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Efficacy and safety of ustekinumab in adolescents of patients receiving methotrexate. 22 There were no SAEs, no AEs requiring treatment cessation, or deaths reported. 22 Approximately 47.4% of patients who received adalimumab 0.8 mg/kg reported an infection, compared to 54.1% who received methotrexate. 22 Safety data was also reported from the 16-week re-treatment period (in which patients who did not have adequate disease control during treatment withdrawal were treated with adalimumab): 65.8% of patients on adalimumab reported treatment-emergent AEs. 58 Approximately 10.5% experienced severe AEs including viral upper respiratory tract infection and urticaria in two patients who received methotrexate, and tonsillitis, upper respiratory tract infection, urinary tract infection, and bronchospasm in two patients who received adalimumab. 58 One patient who received methotrexate followed by adalimumab developed urticaria and was withdrawn from the study. 58 Infections were reported in 42.1% of those receiving adalimumab 0.8 mg/kg compared to 50.0% of those receiving methotrexate. 58 No serious infections were reported in patients who received methotrexate or 0.8 mg/kg adalimumab; however, one patient who received 0.4 mg/kg adalimumab developed a serious gastrointestinal infection. 22, 58 Importantly, no malignancies were reported. 22, 58 One major concern relating to the use of biologic agents in children is that of malignancy. Notably, the TNF antagonists carry a black box warning for the increased risk of lymphoma and overall cancer risk. As with adults, there have been reports of malignancies in children taking TNF blockers including etanercept and adalimumab. [59] [60] [61] [62] [63] [64] However, none of the reported lymphoma cases were pediatric psoriatics, and the majority of children who develop lymphoma are children who are on more than one immunosuppressive medication. Diak et al 59 analyzed the FDA's Adverse Event Reporting System and found 48 reports of malignancies in children exposed to infliximab, etanercept, and adalimumab, of which half were lymphomas. However, in 88% of these cases, the patient was on another immunosuppressive agent. It can be challenging to link the use of TNF blockers to malignancies given that there might be an association with the underlying primary disease, and patients are often on other immunosuppressive agents. 65 Hooper et al 66 conducted a review on malignancies in children and young adults exposed to etanercept using the Amgen clinical trial database and postmarketing global safety database. For the 0-to 17-year age group, the reported rate appeared higher than incidence rates from a general pediatric population of similar ages and was primarily due to an increase in Hodgkin lymphoma. 66 However, no increased rate was observed in the young-adult age group (18-30 years of age). 66 In a different study, the estimated reporting rate of lymphomas in etanercept-exposed patients 4-17 years of age was 0.01 per 100 patient-years and was found to be higher than that of nonexposed children. 65 With regard to the malignancies in ustekinumab-exposed patients, our long-term safety data comes from studies in adults. Pooled 5-year safety data from four studies of ustekinumab for psoriasis showed that the rates of malignancies (excluding nonmelanoma skin cancers) were comparable between patients on the 45 and 90 mg doses as well as comparable to rates in the general US popluation. 54 Through week 60 of the CADMUS trial, there were no reports of malignancies. 21 Longer-term safety data from this trial is still necessary to monitor occurrences of AEs, with a particular emphasis on malignancies. These rates could then be compared to those of other TNF blockers that are frequently used for childhood diseases.
In addition to the abundant safety data garnered from clinical trials, we have the advantage of mice knockout models and patients with unique genetic mutations in the IL-12/ IL-23 circuit that have come to be known as the Mendelian susceptibility to mycobacterial disease syndrome. 67 Production of IL-12 is triggered by bacterial and parasitic infections, mainly from phagocytic cells but also B-lymphocytes. 33 Among other effects, IL-12 leads to the production of IFN-λ from natural killer and T-cells and encourages Th1 differentiation. 33 Wu et al 68 showed that mice deficient in IL-12Rβ1 were not able to produce IFN-λ even when provided with high concentrations of IL-12. Several years later, studies showed that mice deficient in IL-12Rβ2 also had abnormal IL-12 signaling and were unable to produce IFN-λ. 35 Cooper et al 69 analyzed the susceptibility of mice with defects in IL-12 to infection by Mycobacterium tuberculosis. Mice lacking either the p35 or p40 subunit were not able to adequately control infection by M. tuberculosis; however, those lacking the p40 subunit had higher rates of bacterial growth and less production of IFN-λ. 69 The importance of Th1 cells in combating intracellular infections -whether viral, bacterial, fungal, or parasiticwould suggest that corresponding deficiencies in humans would be devastating. Interestingly, from the data we have on patients with genetic mutations in the IL-12/IL-23 pathway, this does not seem to be the case. One study reported a series of 41 patients from 17 countries, all with IL-12Rβ1 deficiency, and discovered that the only two opportunistic infections observed in 34 of these patients were Salmonella and Mycobacteria, the latter caused by Bacille Calmette-Guerin (BCG) vaccination or exposure to nontuberculous environmental Mycobacteria. 67 Although salmonellosis was not fatal, three patients died from environmental Mycobacteria and two from BCG. 67 These five deaths occurred in childhood, all before the age of eight. 67 Similarly, Filipe-Santos et al 34 noted that patients with IL-12p40 deficiency had a predilection to develop vaccination-induced BCG disease, environmental Mycobacteria infections, as well as Salmonella-associated diseases.
Fieschi and Casanova 70 reviewed the frequency and types of infections in 73 patients with IL-12p40 or IL-12Rβ1 deficiencies. As with the previous study, their data confirmed that these patients were only susceptible to weakly virulent Mycobacteria (14 cases of environmental mycobacteriosis and 42 cases of BCG disease) and nontyphoid Salmonella (30 cases). 70 There were four cases of TB and 15 deaths due to weakly virulent Mycobacteria. 70 Interestingly, patients who recovered from and survived BCG disease did not develop recurrences of BCG or environmental mycobacteriosis, suggesting that they are able to mount a defense against secondary mycobacterial infections. 70 The same was not true of Salmonella -disease often recurred, even with different species. 70 Incredibly, the usual gamut of viral infections that plague immunocompromised patients -such as herpes simplex, varicella zoster, Epstein-Barr, and cytomegalovirus -did not cause severe disease in these patients. 70 The same was true of fungal infections including Pneumocystis, Aspergillus, and Cryptococcus, as well as Gram-positive and Gram-negative bacteria including intracellular bacteria. 70 Furthermore, the fact that not everyone developed BCG disease after vaccination or environmental mycobacteriosis suggested low penetrance. 70 IL-12 appears to have a "redundant" role in fighting intracellular infections other than Mycobacteria and Salmonella, and perhaps even for Mycobacteria and Salmonella in some people. 70 Most importantly, there does not seem to be an increased rate of malignancies. Overall, these individuals appear to have a favorable prognosis.
Apart from expanding the armamentarium of treatment options for childhood diseases, the increased use of biologic agents is evidence of a growing trend toward developing and using more targeted therapies. Recently, Quiniou et al 36 designed a small peptide that acts solely as an IL-23R antagonist. IL-23 plays a central role not only in the pathogenesis of psoriasis, but also in other chronic inflammatory diseases such as multiple sclerosis, inflammatory bowel disease, and rheumatoid arthritis. 36 Not only should targeted therapies improve the safety profile of future medications, but hopefully also their therapeutic efficacy. In order to develop such targeted therapies, we need to expand our knowledge vis-à-vis the molecular mechanisms that contribute to the pathogenesis of psoriasis and other chronic diseases, of which there is likely substantial overlap.
Conclusion
Ustekinumab requires fewer injections compared to other biologic agents, which greatly improves compliance and quality of life for any patient, but especially for pediatric patients. While the CADMUS trial and case reports described in this paper support the use of ustekinumab in adolescent patients, additional studies are required to ensure its clinical efficacy and safety. Long-term registries are not yet available in pediatric patients but will be of the utmost importance going forward. For now, we are relying on data from adult studies with the understanding that we cannot simply apply the same conclusions to a pediatric population. Yet, we also have the benefit of studying a population of patients with defects in the IL-12/IL-23 pathways. These patients appear to have a favorable prognosis and, most importantly, do not appear to have an increased risk of malignancies.
Perhaps in the future, the use of ustekinumab can be extended to other chronic childhood diseases such as Crohn's disease, JIA, JIA-associated uveitis, and BD. Not all patients show adequate response to conventional therapies, and we need to expand our array of treatment options.
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